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Introduction 
Non-linear analysis techniques have been reported as a way of characterizing Alzheimer’s disease 
(AD) from electroencephalograms (EEG), which could be utilised for early and more accurate 
detection of the disease.  Among them, entropy has been used increasingly for EEG studies since the 
introduction of Approximate Entropy (ApEn) and Sample Entropy (SampEn).  A newly developed 
entropy measure, Quadratic Sample Entropy (QSE), overcomes some limitations of these methods by 
‘normalizing the match count to the volume of the matching region’ [1].  Another technique, Multiscale 
Entropy (MSE) [2] aims to calculate the SampEn of data over a range of time scales by coarse 
graining time series - i.e. the EEG - before calculating the entropy, giving more information on the 
brain complexity.  In this pilot study we have used QSE and a novel approach of combining MSE with 
QSE (MSEQSE) to identify changes in electrical activity in the brain caused by AD. 
 
Methodology 
EEG data were recorded from 11 AD patients and 11 age-matched controls using the international 
10-20 system with the subjects in an awake but resting state with closed eyes to reduce noise 
interference.  Sampling was at 256Hz with a 12 bit A-to-D precision.  Artefact free 5 s epochs were 
identified by a specialist clinician and these epochs were further filtered to reduce noise with a band-
pass filter between 0.5 and 40Hz.  For each epoch, both the QSE and the MSEQSE were calculated 
with m=1 and 2, r=0.1, 0.15, 0.2 and 0.25 respectively, and coarse graining up to grain 12 to ensure 
enough data points (N>100) to reliably estimate entropy when using QSE [2].   
 
Results 
QSE was lower for AD patients than controls for all combinations of m and r suggesting an increased 
regularity in AD brain signals.  The best results were found when m=1 and r=0.25, with statistically 
significant differences between groups in electrodes P3, P4, O1 and O2 (p < 0.01, Student’s t test).  
The ability to discriminate the two groups at these electrodes was evaluated using Receiver Operating 
Characteristic (ROC) curves. These show trade-offs between the sensitivity (number of AD patients 
correctly identified) and specificity (number of controls correctly identified) of this method plotting the 
former against 1-the latter.  The maximum accuracy, defined as the proportion of subjects correctly 
identified, is at the point of the curve closest to 100% sensitivity and 100% specificity. Accuracy can 
be evaluated for the entirety of the test regime by the Area Under the Curve (AUC) where a higher 
AUC suggests a more accurate test.  We obtained accuracies of 77.27% for all four electrodes with 
the highest AUC at electrode O1 with 0.8595.  Table 1 summarises the results obtained. 
 
Electrode p-values Threshold Sensitivity Specificity Accuracy AUC 
P3 0.0017 -0.0274 0.7273 0.8182 0.7727 0.8512 
P4 0.0029 -0.0192 0.6364 0.9091 0.7727 0.8347 
O1 0.0027  0.0561 0.8182 0.7273 0.7727 0.8595 
O2 0.0089  0.0435 0.9091 0.6364 0.7727 0.7769 
Table (1). ROC curve results at the point of greatest accuracy for statistically significant electrodes (p 
< 0.01, Student’s t test) at the best variable combination m=1 and r=0.25.  Threshold is the entropy 
value that maximises accuracy.   
 
MSEQSE also highlighted more differences between the groups with the most statistically significant 
grains for the greatest range of electrodes obtained when m=1 and r=0.1.  Graphs representing 
entropy against the grain showed clear smooth trends (see Fig 1 and 2).  Controls had higher 
entropies than AD patients for most grain scales at all electrodes (except for F3 and F4).  This large 
proportion of higher entropies suggests more complex brain signals for controls than AD patients.  In 
addition, the monotonic decrease that can be observed in the control subject’s entropy after grain 5 in 
all electrodes also suggests information is only contained in these first scales tested and no new 
information is obtained for higher graining [2] suggesting that the repeating patterns in control 
subject’s brain signals are no longer than 0.02s.  Table 2 shows all statistically significant grains for 
this combination of input parameters.  Fig 1 and 2 show the differences in graphical representation of 
electrodes showing statistically significant differences between groups and not.  It should be 
mentioned that some combinations of variables were incalculable at large grains when m=2 and r=0.1 
and 0.015.  This is probably due to the small number of vector matches causing the appearance of 
ln(0).     
 
 
 
 
 
 
 
 
 
Conclusion 
This study suggests that QSE is a useful method for increasing our understanding of changes in the 
brain caused by AD as it manages to differentiate between EEG recordings from patients with AD and 
those without with statistical significance with a wide range of applied input variables.  It is effective as 
a method both with and without coarse graining, with m=1 giving more statistically significant 
differences between the two groups than m=2.  MSEQSE also followed this trend.  The input variables 
for the most significant statistical differences are different for the two methods.  MSEQSE showed that 
control subjects’ EEGs had a greater meaningful structural richness than brain recordings from AD 
subjects. This is consistent with the findings of QSE, with all electrodes showing the same pattern of 
changing entropy values for both groups.  The range of statistically significant grains across all 
electrodes (see table 2) suggests all grains were necessary to obtain all of the possible information.  
However, the small sample size of this study means caution must be taken. 
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Electrode Grains 
F4 11,12 
P3 01-04 
P4 01-04 
O1 01-05 
O2 01-04 
 
Fig (1). MSEQSE at electrode 
C3. No statistically significant 
differences between groups 
were found at any grain.  The 
solid line are control subjects, 
the dotted line AD patients. 
Table (2). Statistically 
significant grains for 
MSEQSE with m=1 and 
r=0.1. 
Fig (2). MSEQSE at electrode 
O1. Statistical differences 
between groups were found in 
lower grains (01-05).  The solid 
line are control subjects, the 
dotted line AD patients. 
